ABSTRACT. To differentiate the avirulent from virulent strains of avian paramyxovirus serotype-1 (APMV-1, Newcastle disease virus), PCR and restriction endonuclease analysis (REA) was employed. Primer sequences were used to amplify a 766-base pair fragment that included the fusion protein cleavage site. REA of PCR products generated by Hin1 I and Apa I enabled the differentiation of avirulent field and vaccine strains from more virulent field strains of APMV-1 in Japan.
Newcastle disease (ND) is one of the most serious diseases affecting the poultry industry. This disease is caused by specific strains of avian paramyxovirus serotype-1 (APMV-1), which belongs to the genus Avulavirus in the family Paramyxoviridae [1] . There are 10 serotypes of APMV, but all isolates of Newcastle disease virus (NDV) belong to serotype 1 (APMV-1): therefore, NDV is synonymous with APMV-1. Depending on the virulence of an isolate, NDV can be grouped into lentogenic, mesogenic and velogenic pathotypes, which were traditionally defined on the basis of mean death time (MDT), intracerebral pathogenicity index (ICPI), or intravenous pathogenicity index (IVPI) tests [1] . Mesogenic and velogenic strains are "virulent" and have been frequently identified as the causative agents of ND outbreaks worldwide [2] .
The APMV-1 viral genome of 15 kb is composed of six genes encoding six structural proteins [8] . Of these proteins, the cleavability of fusion (F) glycoprotein is the main determinant of pathogenicity in chickens. The molecular basis of pathogenicity appears to be mainly determined by the amino acid sequence motif present at the cleavage site of the precursor fusion protein (F0) and the cleavability of F0 protein by proteases [3, 12] . The precursor F glycoprotein F0 has to be cleaved into F1 and F2 subunits for the progeny virus to be infectious and to be able to replicate in host cells.
To date, phylogenetic analysis based on the genomic sequences has revealed that the strains of NDV could be divided into two distinct clades, class I and class II, and that each clade contains several genotypes (1-9 and I-X, respectively) [6, 7] . Among them, class II NDV strains have been responsible for most of the outbreaks of ND reported throughout the world. On the other hand, most of the class I isolates have been obtained from waterfowl, shorebirds or poultry from live bird markets in Asia or America [6, 7] .
According to a recent definition by the World Organization for Animal Health (OIE), ND is caused by "virulent" APMV-1 [15] . The virulent virus meets one of the following criteria for virulence: (a) the virus has an ICPI in day-old chicks of 0.7 or greater, or (b) multiple basic amino acids have been demonstrated in the virus at the C-terminus of the F2 protein and phenylalanine at residue 117, which is the N-terminus of the F1 protein. The term "multiple basic amino acids" refers to at least three arginine or lysine residues between 113 and 116. In this definition, amino acid residues are numbered from the N-terminus of the amino acid sequence deduced from the nucleotide sequence of the F0 gene, 113-116 corresponds to residues −4 to −1 from the cleavage site. Thus, the diagnosis of ND in poultry demands the prediction of the amino acid sequences at the cleavage site based on the nucleotide sequences of the F gene. The prediction of the amino acid sequences is usually done by determining the nucleotide sequences of generated PCR product.
However, such analyses are too laborious and time-consuming for regional animal health diagnostic laboratories in Japan. Many regional laboratories cannot afford expensive sequencers and thus are forced to outsource the determination of nucleotide sequences of PCR product. Therefore, the development of a simple, easy and rapid method is highly desirable. To address this need, we used PCR and restriction endonuclease analysis (REA) to differentiate virulent and avirulent Japanese APMV-1 strains.
First, we selected representative APMV-1 strains for each genotype isolated in Japan (Table 1) [9, 10] . Allantoic cavities of specific pathogen-free embryonated eggs were used for virus propagation. Additionally, commercially available live Japanese vaccine strains (B1, Clone30, MET95 and VG/ GA strains) were also used in this study.
Viral RNA was extracted from infected allantoic fluids using a commercial kit (QIAamp Viral RNA Mini Kit, QIA-GEN, Valencia, CA, U.S.A.) according to the manufacturer's instructions. Reverse transcription (RT), PCR amplification and sequencing were performed as described previously [9, 10] . Briefly, after reverse transcription with SuperScript™ III (Life Technologies, Gaithersburg, MD, U.S.A.) using random 9 mers, PCR was performed to amplify cDNAs using Takara ExTaq (Takara, Tokyo, Japan). For PCR amplification, 35 cycles were carried at 94°C for 30 sec, 50°C for 30 sec and 72°C for 30 sec. The primer sequence and location were as follows: NDV-F2 (4235 5'-TGGAGCCAAACC-GCGCACCTGCGG-3' 4258); NDV-R2 (5000 5'-GGAG-GATGTTGGCAGCAT-3' 4983). Sequence numbering according to previously published sequence (GenBank Acc. No. AF309418). The sequences amplified by these primers include the cleavage site of F protein and the region to construct a phylogenetic tree for genotyping the virus.
The DNA fragments of expected sizes (approximately 750 base pairs) were successfully amplified by RT-PCR from all the NDV samples. The deduced amino acid sequences of commercially available live Japanese ND vaccines are all typically avirulent (Table 1) [13] . These vaccines were divided into two genetic groups on the basis of a phylogenetic analysis described previously [9] . The B1, Clone30 and MET95 vaccine strains are classified into genotype II (class II), whereas VG/GA vaccine strain is classified into genotype I (class II). This was an expected result, because commercial VG/GA vaccine strain was reported to contain V4 Queensland strain (class II, genotype I) [5] .
The PCR products were used in REA to develop a simple and easy method for the differentiation of APMV-1 strains. After comparing the sequences of APMV-1 strains, we found that the enzymes Hin1 I (=Acy I, Bbi II) and Apa I (Takara, Tokyo, Japan) were suitable for differentiating avirulent and virulent APMV-1 strains (Table 1) . Enzyme Hin1 I digested the PCR products of avirulent APMV-1 strains into several fragments (Table 1) , whereas it did not digest the PCR products of virulent APMV-1strains, with the exception of the JP/ Miyadera/51 strain (genotype II) ( Table 1 , Fig. 1 ). However, the PCR products derived from the JP/Miyadera/51 strain were digested with 450 and 316 base pairs by Apa I, whereas those of remaining strains were not digested (Fig. 2) . These results demonstrated that REA of the PCR products using Hin1 I and Apa I facilitated the differentiation of avirulent and virulent field Japanese APMV-1 strains. This method was applied to other NDV strains isolated in Japan [9, 10] , and the same results were obtained (data not shown). This demonstrated that our identification method was performed correctly.
PCR-REA is a simple, easy, and convenient method for primary characterization in routine diagnosis, although sequencing is recommended to obtain precise genetic information. The differentiation method described here makes it very simple, rapid and easy to interpret digestion patterns. The virulent NDV genotype II (JP/Miyadera/51) had a similar digestion pattern with Hin1 I compared with vaccine strains (Fig. 1) . Thus, application of enzyme Apa I is required for further discrimination between virulent genotype II and avirulent strains (Fig. 2) .
Previously, several researchers reported methods for differentiating avirulent and virulent APMV-1 strains by simple REA using Bgl I [4, 11] . We applied these methods to the APMV-1 strains used in this study, but the VG/GA vaccine strain was misidentified as a virulent strain (data not shown), as also suggested in a review by Cattoli [2] . This failure seemed to be due to the lack of a Bgl I site at the F protein gene cleavage site in the commercial available VG/GA vaccine strain. As previously reported [5] , commercial available VG/GA vaccine contained V4 Queensland strain. For further confirmation, we performed the sequencing analysis of three different lots of this vaccine, and obtained identical results.
In contrast, the PCR-REA method presented in this study allows the differentiation of avirulent strains and virulent strains of APMV-1. Furthermore, most flocks are now given commercial ND live vaccines, and the vaccinated virus is sometimes re-isolated after administration [14] . In such cases, the PCR-REA method described in this study will be useful for discriminating vaccine strains from field viruses. ND caused by virulent field strains still occurs worldwide including Japan. The natural hosts of APMV-1 are also considered to be feral birds, similar to influenza virus, and it is also considered to be associated with dissemination of the virus [1] . Therefore, the surveillance of feral birds is important for understanding the epidemiology of APMV-1. The method described here will be useful for the surveillance of virulent APMV-1 in feral birds.
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